We investigate the requirement of the existence of two degenerate vacua of the effective potential as a function of the Weinberg-Salam Higgs scalar field norm, as suggested by the multiple point principle, in an extension of the Standard Model including see-saw scale physics. Results are presented from an investigation of an extension of the Standard Model to the gauge symmetry group (1), where two groups U (1) ′ andŨ (1) originate at the see-saw scale M SS , when heavy (right-handed) neutrinos appear. The consequent unification of the group SU (3) C ⊗ SU (2) L ⊗ U (1) ′ into the flipped SU (5) at the GUT scale leads to the group SU (5) ⊗Ũ (1). We assume the position of the second minimum of the effective potential coincides with the fundamental scale, here taken to be the GUT scale. We solve the renormalization group equations in the one-loop approximation and obtain a top-quark mass of 171 ± 3 GeV and a Higgs mass of 129 ± 4 GeV.
For some time [1, 2] we have sought to derive the values of Standard Model (SM) parameters from what we call the Multiple Point Principle (MPP), according to which there are several vacua all having exceedingly small cosmological constants like the vacuum in which we live now. But we have no guarantee for how far the SM will work up the energy scale. To investigate the influence of new physics -especially the see-saw neutrino mass producing physics -at higher scales on our predictions from MPP, such as the topquark mass or the Higgs mass, we shall here investigate a flipped SU(5) extension of the SM broken though not in the normally suggested way by a decuplet (or in SUSY versions even a couple of conjugate decuplets). Rather we let the flipped SU (5) , which is SU(5) ⊗Ũ(1), break stepwise, firstly highest in energy scale at the unifying scale M GU T by an adjoint Higgs field down to SU(3) C ⊗ SU(2) L ⊗ U(1) ′ ⊗Ũ(1) and next at a lower see-saw scale M SS down to the SM group SU(3) C ⊗SU(2) L ⊗U Y (1), say by a Higgs field S which belongs to a 50 representation of SU (5) . It is our philosophy not to take the details too seriously but rather think of the flipped SU(5) as a typical representative model with new physics, which we can use to estimate the magnitude of the deviations caused to the MPP-predictions.
The specific stepwise breaking used in the present article is taken in order to have a see-saw scale as a separate scale which can be varied. In this respect we do not use the advertised benefits of the usual flipped SU(5) [3] [4] [5] , which does not use an adjoint Higgs field but rather a decuplet Higgs as favoured by superstring theory.
In flipped SU(5), the quarks and leptons are in the 1,5, 10 representations, but with assignments and electric charges 'flipped' relative to conventional SU (5) . In either standard or 'flipped' SU(5) [6, 7] a single generation of 16 matter fields, including a singlet right-handed neutrino, can be accommodated by a set of 1,5, 10 representations. However, the difference between the flipped and conventional versions of SU(5) is in the way in which the 16 matter fields of each generation are embedded in these representations.
Flipped SU(5) received its name from the exchanges in the assignments of the fields: uplike and down-like fields are exchanged, as are electron-like with neutrino-like, as well as their anti-particle partners.
The particle content of the flipped SU(5) ⊗Ũ (1) model used here is as follows 1) three generations of matter fields:
2) a five-dimensional (Weinberg-Salam) Higgs to break SU(2) L ⊗ U(1) Y :
3) an adjoint 24-dimensional Higgs to break SU(5)⊗Ũ (1) → SU(3) C ⊗SU(2) L ⊗U(1) ′ ⊗Ũ (1) :
4) a Higgs field S to break
at the see-saw scale, with the following U(1) ′ ⊗Ũ(1) quantum numbers:
We note that we have chosen to normalise all the flipped SU(5) generators T a such that the trace of T 2 a over the 16 fermions in a single quark-lepton generation is given by T r 16 (T 2 a ) = 2. The SM renormalization group equations (RGEs) are:
where t = log(µ/M) = log(φ/M) is the evolution variable, µ is the energy scale, M is the renormalization mass scale and φ is the Weinberg-Salam Higgs scalar field. Its VEV value is:
The gauge couplings g i = (g 1 , g 2 , g 3 ) correspond to the U(1), SU(2) L and SU(3) C groups of the SM, λ is the Weinberg-Salam Higgs field self-interaction constant and h is the top-quark Yukawa coupling. We neglect the Yukawa couplings of all the lighter fermions.
Also we neglect interactions of the form h 2 S 2 between the Higgs fields.
In the Weinberg-Salam theory the tree level masses of the gauge bosons W and Z, a fermion with flavour f and the physical Higgs boson H are expressed in terms of the VEV parameter v:
where
, and h f is the Yukawa coupling for the fermion with flavour f .
The one-loop beta-functions in the SM are:
These equations are valid up to the see-saw scale M SS .
In the region from M SS to M GU T we have a new type of symmetry (1) with the following one-loop beta-functions for the corresponding RGEs similar to (5):
Here we neglected small couplings.
Following the idea of Refs. [1, 2] , we assume that in the present model the fundamental scale M f und coincides with the GUT scale M GU T for SU(5) ⊗Ũ (1). This idea is based on the Multiple Point Principle (MPP) [8] (see also the reviews [9] ), according to which several vacuum states with the same energy density exist in Nature. In the pure SM the effective potential for the Weinberg-Salam Higgs field can have two degenerate minima as a function of |φ|:
V
The first minimum is the standard "Weak scale minimum", and the second one is the non-standard "Fundamental scale minimum" as shown in Fig. 1 . In the present model the assumption is that the second minimum of the effective potential coincides with the GUT-scale.
As discussed in Ref. [1] , for large values of the Higgs field φ 2 >> v 2 the degeneracy conditions (14) and (15) lead to the following requirements:
Taking φ min2 ∼ M P lanck and using the two-loop RGEs, the following MPP predictions were obtained in the pure SM for the top quark and Weinberg-Salam Higgs particle masses [1, 10] :
Solving RGEs (11)-(13), we use the requirements (17) at the GUT scale. Considering the joint solution of the RGEs (8)-(13), we estimate the value of the see-saw scale M SS and corrections to the MPP predictions for M t and M H .
Starting from the Particle Data Group [11] , we have the following masses:
the inverse electromagnetic fine structure constant and the square of the sine of the weak angle in the MS-scheme:
and the QCD fine structure constant:
The corresponding running top quark mass, calculated using two-loop QCD corrections [12] , is:
where M t is the top quark pole mass. The running top quark mass (22) is related to the running top quark Yukawa coupling h(M t ) as follows:
It is well-known that the running of all the gauge coupling constants in the SM is well described by the one-loop approximation. For M t ≤ µ ≤ M SS we have the following evolutions for the inverse fine structure constants α i = g 2 i /4π, (i = 1, 2, 3), which are revised using updated experimental results [11] : 
valid for the interval M SS ≤ µ ≤ M GU T . In Eq. (28)
The mixture of the two U(1) groups at the see-saw scale leads to the following relation (compare with Refs. [3, 4] ):
At the GUT scale we have the unification SU(3) C ⊗ SU(2) L ⊗ U(1) ′ → SU(5) giving:
The GUT scale is given by the intersection of the evolutions (25) and (26) for α −1 2 (x) and α −1 3 (x) From Eq. (29), using Eqs. (27), (28) and relations (30), we obtain the following relation:
We denote the solution of the SM RGEs (9) and (10) for λ(x) and h(x), obtained for specific input parameters, as solution I. Also we have considered the evolution of:
We have used initial values of h(M t ) given by Eq. (23).
Varying M SS , we obtained the solution II of the RGEs (12) The see-saw scale M SS was determined by the requirement of sewing together the solutions I and II for λ(x) and y top (x). These self-consistency requirements also determine λ(M t ) and therefore the running Higgs boson mass m H (see Eq. (7)). We can then calculate [10] the pole Higgs mass M H .
Our results for the MPP predicted top quark and Higgs masses, taking the second minimum at the GUT scale of order 10 17 GeV and introducing see-saw scale physics at the order Comparing to the pure SM degenerate vacuum based prediction (18), it means that taking the second minimum (assumed degenerate with the present vacuum) down from the Planck to the GUT scale and including the beta function effects of our flipped SU (5) only shifts the Higgs mass down by 6 GeV, predicting the lower top quark mass of 171 ± 3
GeV.
We 
